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ABSTRACT 


Staphylococcal infections and contaminations have elicited a growing and perennial 
concern in the medical and food industries. Meanwhile, the manifestation of antibiot- 
ic-resistant strains such as methicillin-resistant Staphylococcus aureus (MRSA) beside the 
production of disinfectant-resistant biofilms makes the confrontation with the bacteria 
more cumbersome and challenging. Pomegranate peel as a waste product of juicing fac- 
tories is a natural antibacterial agent. The pomegranate peel hydro-extract (PPHE), as a 
bio-friendly material, was prepared from an Iranian pomegranate cultivar, Rabab, and 
its phenolic compounds and antioxidant (via DPPH and FRAP assays) and anti-staph- 
ylococcal (anti-planktonic and anti-biofilm) properties were assessed. The Rabab PPHE 
inhibited planktonic cells and biofilm formation of three S. aureus. The Rabab PPHE 
produced large and obvious staphylococcal inhibition zones in which their diameters 
were significantly dose-dependent for the milk isolated S. aureus (p < 0.05). Despite the 
resistance of MRSA (ATCC 33591) to beta-lactam antibiotics, the minimum inhibitory 
concentration (MIC) of PPHE against its planktonic cells was only 3.75mg mL". Further- 
more, Rabab PPHE inhibited bacterial biofilms formation in a dose-dependent manner. 
The MIC of Rabab PPHE against planktonic milk-isolated S. aureus, S. aureus (ATCC 
29737), and MRSA prevented 47, 36, and 26% of their biofilm formation, respectively. 
This addresses the differences between the anti-planktonic and anti-biofilm activity of 
Rabab PPHE. The anti-planktonic and to a lesser extent the anti-biofilm forming activity 
of this water-based extract supports the notion of its effectiveness and salubrious appli- 
cation in food and pharmaceutical industries. 
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FRAP: ferric reducing ability of plasma 
BHT: butylated hydroxytoluene 
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Introduction 


he habitat of S. aureus, as a member of the Mi- 

crococcaceae, is nasopharynx and the hair and 
skin of more than 50% of healthy people. Staphylococ- 
cus aureus is the leading cause of staphylococcal food 
poisoning and extra-intestinal infections. Staphylo- 
coccus aureus produces many enzymes and toxins that 
sustain the bacterium and make it resistant to drugs. 
The enterotoxin of the bacterium is heat resistant, and 
therefore ordinary cooking, pasteurization, and dry- 
ing do not easily destroy it (1). Methicillin-resistant 
Staphylococcus aureus (MRSA) is a beta-lactam anti- 
biotics resistant bacterium (2). This bacterium was re- 
ported in humans and livestock (mastitic cattle milk) 
since 1961 and 1972, respectively (3). Antibiotic resis- 
tance among pathogens is a worldwide growing prob- 
lem (4). In 2004, 59.5% of US health centers reported 
at least one case of MRSA (5). This bacterium has a 
methicillin resistance gene (mec-A). Strains that have 
this gene also resist many other antibiotics. The resis- 
tance makes it difficult to fight them and eventually 
leads to their further dissemination (6). Staphylococci 
can form structures called biofilms that attach differ- 
ent surfaces (7). The antibiotic-resistant sessile biofilm 
forms can further resist the host immune system or be 
a reason for food contamination and spoilage in the 
food industry (8-11). 

Pomegranate (Punica granatum L.) is a native 
plant of Iran and its neighboring countries which its 
cultivars have various characteristics (12-14). Rabab 
pomegranate cultivar which has a thick peel is one of 
the largest commercial products in the Persian fruit 
industry (15-17). Pomegranate is classified as a me- 
dicinal plant because of its valuable functional com- 
pounds (12). Many of its phenolic compounds have 
drastic antibacterial and antioxidant properties (18- 
20). The pertinent application of water as a solvent for 
bioactive compounds extraction from pomegranate 
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peel may provide a safe and relevant extract for the 
food and pharmaceutical industry which is missed in 
many evaluations. Until now, studies did not show cy- 
totoxicity towards the by-products of the pomegran- 
ate juice industry at arbitrary concentrations (20). 
Presumably, the staphylococcal complications usual- 
ly come from both the biofilm and planktonic forms. 
Lots of the antibacterial agent studies lack a co-assess- 
ment of the anti-planktonic and anti-biofilm activity 
of compounds (20-23). This study aims to assess the 
antioxidant, total phenolic, and antibacterial effects 
of an Iranian (Rabab) pomegranate hydro-extract 
against the planktonic and sessile life of S. aureus. 


Results 


The Rabab PPHE had pale pink to red color. The 
total phenolic evaluation of the extract revealed that 
Rabab PPHE has considerable phenolic compounds. 
Although the Rabab PPHE showed lower antioxidant 
activity than butylated hydroxytoluene (BHT; syn- 
thetic antioxidant), its antioxidant properties in either 
DPPH or FRAP assays were quite astonishing (Table 
1). 

Figure 1 shows the staphylococcal inhibition 
zones produced by Rabab PPHE. The illustrated inhi- 
bition zones were quite distinctive in which there was 
not any tiny colony within their radius. The formation 
of opaque-milky aura around the dug-wells was prob- 
ably due to the effect of tannins and astringent com- 
pounds of the PPHE on the proteins of Mueller-Hin- 
ton agar medium (24). 

By increasing the concentration of extract in agar- 
dug wells the staphylococcal inhibition zones enlarged 
(Figure 1 and Figure 2). The lowest Rabab PPHE con- 
centration (6mg/well) showed a significantly lower an- 
tibacterial activity than other concentrations towards 
the milk-isolated S. aureus (p < 0.05). Intriguingly, the 
higher concentrations (12 and 24mg/well) did not ex- 


The Antioxidant activity (determined by FRAP and DPPH assays) and total phenolic content of Rabab PPHE. 


Table 1 
DPPH 
Extract type (IC50, mg mL”) 
Rabab PPHE 1.13 
BHT (positive control) 0.019 


ND: not determined 

PPHE: pomegranate peel hydro-extract 

BHT: butylated hydroxytoluene 

DPPH: 2,2-diphenyl-1-picrylhydrazyl assay 
FRAP: Ferric reducing ability of plasma assay 


FRAP Total phenols 
(mmol Fe(II) g') (mg GAE g') 
0.84 143 
1.38 ND 
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hibit a significant difference in their antibacterial ac- 
tivity (p > 0.05). Statistically, the inhibition zones pro- 
duced by Rabab PPHE were 6mg/well < 12mg/well = 
24mg/well. Notably, the inhibition zones of these three 


concentrations were not significantly different neither 

on MRSA nor S. aureus (ATCC 29737) (p > 0.05). 
The minimum bactericidal concentration (MBC) 

of PPHE was always higher than the MIC (Table 2). 


MRSA S. aureus 
(ATCC 29737} 


(ATCC 33591) 


Figure 1. 


5. aureus isolate 
(fram milk) 


Antibacterial activity of various concentrations of Rabab PPHE against S. aureus by agar well diffusion technique. 


Table 2 
The MIC and MBC (mg mL") of Rabab PPHE against different S. aureus. 
At bacteemlceeat S. aureus MRSA S. aureus isolate 
5 (ATCC 29737) (ATCC 33591) (from milk) 
MIC MBC MIC MBC MIC MBC 
Rabab PPHE 15 30 3.75 15 15 60 < 
Cefixime (positive control) 8 12 265 < 265 < 8 24 


MIC: minimum inhibitory concentration 

MBC: minimum bactericidal concentration 
PPHE: pomegranate peel hydro extract 

MRSA: methicillin-resistant Staphylococcus aureus 


The MIC and MBC of PPHE against MRSA were low- 
er than other staphylococci. The lower MIC value of 
the extract towards MRSA represents its strong an- 
ti-planktonic activity. In contrast, the MRSA sensitiv- 
ity to cefixime antibiotic (positive control) was lower 
than that of the rest of the bacteria. This antibiotic had 
a significant inhibitory effect on the other staphylo- 
cocci that was illustrated by lower MIC and MBC val- 
ues. 

The Rabab PPHE inhibited MRSA biofilm for- 
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mation by 2.8% at low concentration (0.5mg mL"), 
whereas the S. aureus (ATCC 29737) biofilm was 
more sensitive than the MRSA to this concentration 
of Rabab PPHE. By increasing the concentration of 
PPHE, the anti-staphylococcal biofilm formation ac- 
tivity was also increased (Figure 3). The extract inhib- 
ited the biofilm formation of milk-isolated S. aureus at 
intermediate concentrations (from 1.9 to 30mg mL") 
more than other S. aureus strains. This extract at 30mg 
mL” inhibited more than 50% of the milk-isolated S. 
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The effect of three concentrations of Rabab PPHE against S. aureus (n=4; mean + SEM). 
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Figure 3. 


The anti-biofilm forming activity of different concentrations of Rabab PPHE (n=4). 


aureus biofilms. 

The anti-biofilm forming activity of the extract 
was increased profoundly from 30 to 60mg mL" for 
MRSA and S. aureus (ATCC 29737). Accordingly, 
Rabab PPHE at 30mg mL’ was not sufficient to in- 
hibit half of the MRSA and S. aureus (ATCC 29737) 


biofilms, while the concentration of 60mg mL" pre- 
vented more than 65% of the biofilm formation by 
these strains. The milk-isolated S. aureus lost 25.7% 
of its biofilm formation ability while increasing the 
PPHE exposure from 0.9 to 1.9mg mL" 
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Discussion 


The extract showed significant anti-staphylococ- 
cal and antioxidant activity in this study. It has been 
shown that the non-edible parts of the pomegranate 
have higher bioactivity (25). Various pomegranate 
peel metabolites are very complex (26). Rabab PPHE 
contains phenolic compounds (Table 1). Many pheno- 
lic compounds and organic acids such as gallic acid, 
chlorogenic acid, caffeic acid, vanillic acid, p-couma- 
ric acid, ellagic acid, malic acid, quinic acid, illogic 
acid, tannins, punicalin, punicalagin, grantin B, ca- 
suarinin, corilagin, methyl gallate, kaempferol, cate- 
chol, catechin, epicatechin, epigallocatechin 3-gallate, 
quercetin, rutin, pelargonidin, naringin, and luteolin, 
have been detected in pomegranate peel (27-30). Plant 
polyphenolic compounds have antimicrobial and an- 
tioxidant effects. In many studies, pomegranate peel 
alcoholic extracts demonstrated antimicrobial activity 
(21, 26, 31). Bioactive effects of pomegranate are due 
to various and abundant bioactive compounds such as 
tannins (especially ellagitannin, as a hydrolyzable tan- 
nin or prodelphinidin, as a condensed tannin). Two 
members of ellagitannins (namely ellagic acid and pu- 
nicalagin) play a significant role in the antimicrobial 
and antioxidant effects (32, 33). The Precipitation of 
cell membrane proteins by pomegranate peel phenolic 
compounds causes bacterial cell membrane leakage 
and ultimately results in cell lysis and death (25, 26). 
The toxicity of phenolic compounds against bacteria 
can also occur when they react with thiol groups of 
proteins that finally prevents the growth of the micro- 
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Figure 4. 
The growth of Staphylococcus colonies with dull haloes on 
Baird-Parker medium. 


organism (25). Pomegranate peel extracts (esp. alco- 
holic) exhibited other deleterious effects on bacteria 
such as inactivating their enzymes or preventing their 
protein e.g., staphylococcal enterotoxin A (SEA) pro- 
duction (18, 32). 

The concentration of the bioactive compounds in 
the pomegranate depends on the pomegranate culti- 
var and the different stages of plant growth (25, 26). 
Furthermore, the antibacterial and antioxidant ac- 
tivity of pomegranate extract depends on the plant 
cultivar and geographical origin, harvesting sea- 
son, and extraction method (34). For example, the 
hydro-extracts of South Africa or Yemen pomegran- 
ate cultivars in previous studies, contrary to the cur- 
rent study, did not show antibacterial activity against 
S. aureus (26, 35). The total phenolics and antioxidant 
capacity (evaluated by DPPH assay) of Rabab PPHE 
in this study were less than the methanolic extracts of 
other pomegranate cultivars in the Fawole et al. (2012) 
study (26). These differences are probably related to 
the characteristics of the pomegranate cultivars and 
the type of fruit peel extract. The extraction method 
plays an important role in the quality of the extract. 
It has been stated that the extraction of polyphenolic 
compounds depends on the type of solvent, plant par- 
ticle size, solvent to plant solid ratio, and extraction 
temperature and time. Extract preparation with high 
temperatures for long times may reduce the level of 
polyphenols, including ellagitannin (36). Application 
of hot water or soxhlet extractor to obtain the extract 
and the autoclave-sterilization probably reduce its an- 
tibacterial activity (22, 23). 


Pomegranate polyphenols are considerably ex- 
tracted with hydrophilic solvents. The hydro-extracts 
lack the toxicity of solvent remnants and therefore can 
be stored wet while retaining high antioxidant activity 
(25). Furthermore, hydro-extracts are more compati- 
ble with the hydro-nature of the body cells and prob- 
ably make better systemic effects. The nature of PPHE 
makes it a highly soluble and diffusible extract in the 
Muller-Hinton Agar medium. This extract has po- 
tent anti-staphylococcal effects, and the combination 
of this effect along with its facile diffusion generated 
significant bacterial inhibition zones even at low con- 
centrations (Figure 1). The bacterial inhibition zones 
did not show any significant difference between the 
sensitivity of the three staphylococci exposing PPHE 
(p > 0.05). 

The planktonic MRSA cells showed a signifi- 
cant sensitivity to the extract in MIC assay. Even the 
MBC of PPHE against this bacterial strain was lower 
than other staphylococci (Table 2). The MRSA infec- 
tions are mainly divided into two hospitals acquired 
(HA-MRSA) and community-acquired (CA-MRSA) 
groups (4). Despite hospital infections, the prevalence 
of MRSA is higher in patients with open ulcers and 
immune deficiency (37). The sensitivity of MRSA to 
PPHE is very important due to the resistance of this 
bacterium to -lactam antibiotics such as cefixime as 
a third-generation broad spectrum cephem (Table 2). 
Methicillin and beta-lactam interfere with bacterial 
cell wall peptidoglycan by binding the penicillin-bind- 
ing proteins (PBPs). Nevertheless, MRSA resists B-lac- 
tam antibiotics by producing PBP2a instead of PBPs 
due to the acquisition of the mec-A gene (4). 

The staphylococcal biofilm formation was also 
strongly influenced by different concentrations of 
PPHE. The Rabab PPHE at a concentration of 60mg 
mL” prevented nearly 70% of the staphylococcal bio- 
film formation. The anti-biofilm formation activity of 
PPHE was dose-dependent and elevated by increasing 
the extract concentrations. The extract at 1.9mg mL” 
made a sharp slope in inhibiting the milk-isolated S. 
aureus biofilm formation. However, this sudden in- 
crease in the inhibition of MRSA and S. aureus (ATCC 
29737) biofilm formation occurred at 60mg mL" (Fig- 
ure 3). 

The extract at its MIC (15mg mL”) for the milk-iso- 
lated S. aureus and S. aureus (ATCC 29737) inhibited 
47% and 36% of their biofilm formation, respective- 
ly. Moreover, 26% of the MRSA biofilm formation 
was inhibited by the MIC of the extract against this 
strain (i.e. 3.75mg mL"). Therefore, the MIC of PPHE 
against planktonic MRSA shows lower anti-MRSA 
biofilm formation activity regarding other staphylo- 
cocci. Notably, the PPHE at the lowest concentration 
(0.5mg mL") inhibited albeit a low percentage (2.8%) 
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but substantial anti-MRSA biofilm formation activity 
(Figure 3). Hence, concentrations below the MIC also 
show anti-biofilm forming activity. Plausibly, inhibi- 
tion of biofilm formation by the extract is achieved 
not only through bacterial growth inhibition but also 
through other mechanisms. The exact mechanism for 
the biofilm formation inhibitory activity of PPHE is 
still shrouded in mystery. There are some conjectures 
about especially the alcoholic extracts (32, 38-40). The 
effect of these extracts on biofilms is probably due to 
their ellagic acid. Pomegranate extract can precipitate 
proteins, such as adhesins, which are crucial in biofilm 
formation. Moreover, tannins such as ellagic acid alter 
the surface charge of bacteria and subsequently may 
interfere with the cell-substratum attachment. The 
pomegranate extract can also disrupt the pre-formed 
biofilms of various bacteria (32). It has been estab- 
lished that the hydro-alcoholic extract of pomegran- 
ate rind shows a good anti-quorum sensing activity. 
Quorum sensing is a kind of bacterial communication 
that biofilm formation interconnects with it (38). 

In conclusion, Rabab PPHE shows remarkable an- 
ti-staphylococcal effects. The extract has high levels of 
phenolic compounds. Antioxidant and antibacterial 
effects of PPHE are probably due to its bioactive com- 
pounds such as tannins (e.g., ellagitannin or prodel- 
phinidin). The application of this extract will be use- 
ful in inhibiting and eliminating staphylococcal food 
contaminations or body infections. These antibacteri- 
al effects against MRSA are of great importance. The 
PPHE showed lower anti-biofilm formation activity 
than the anti-planktonic activity against staphylococ- 
ci. This was more vivid in the case of MRSA. Although 
inhibition of MRSA biofilm by PPHE begins at low 
concentrations, the PPHE level equivalent to the MIC 
has less inhibitory activity against MRSA biofilm for- 
mation than other staphylococci. Conversely, the ef- 
fect of PPHE against some staphylococcal biofilms 
provokes the use of this water-soluble extract in food 
and pharmaceutical industries and even milking ma- 
chines disinfection. However, the efficacy and stabil- 
ity of PPHE and its active ingredients under various 
industrial processing and simulated body conditions 
need to be profoundly explored. 


Material and methods 


Preparation of pomegranate peel hydro-extract 
(PPHE) 


Commercially ripe and fresh pomegranates were harvested 
during October 2017 from mature trees. The pomegranates were 
from Rabab-e-Neyriz (from Fars Province) cultivar as a known 
Persian pomegranate cultivar. The pomegranate was authenticated 
by the Department of Plant Productions, Agricultural Faculty of 
Bardsir, Shahid Bahonar University of Kerman. Fifty pomegran- 
ates were collected and flushed by tap water and then washed 
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three times with distilled water. After drying, the pomegranates 
were peeled while the peel and pulp compartments were carefully 
separated from each other. The pomegranate peels were shadow 
dried for 7 days and then grounded with a grinder. The Rabab peel 
powder mixed with distilled water (0.2g mL”) and the homoge- 
nate was agitated gently at 25 °C for 24h in a shaking incubator 
(JSSI-100C Compact shaking incubator, JSR). The suspension 
was centrifugated at 3000 rpm for 30 min at 4 °C using Universal 
320R centrifuge (Hettich, Tuttlingen, Germany). The supernatant 
filtered through a filter paper (Whatman No. 1) and after that fil- 
ter-sterilized with 0.22um filters (Millipore Sigma, Millex®-GV). 
The filtrates were lyophilized and stored at 4 °C as the hydro-ex- 
tract (41). The anti-staphylococcal activity of the extract was as- 
sessed in less than seven days while being filter-sterilized before 
application. 


Total phenolic of PPHE 


The total phenolic content of PPHE was determined spectro- 
photometrically by the Folin-Ciocalteu method (42, 43). A 0.5ml 
aliquot of diluted PPHE was mixed with 0.5ml of 10-fold-diluted 
Folin-Ciocalteu’s reagent. After 5 minutes of shaking, 0.5ml of so- 
dium carbonate solution (20%) was added. Ultimately, the solu- 
tion was brought up to 5ml by distilled water and incubated at 
25 °C for 90 min in the dark. The absorbance of the mixture was 
measured at 765 nm against a blank (Shimatzo, Japan, UV-1201). 
The total phenol content obtained using gallic acid as a standard 
phenolic acid. The PPHE total phenolic content was expressed as 
mg gallic acid equivalents (GAE) per gram PPHE. 


Ferric reducing/antioxidant power (FRAP) of 
PPHE 


Aliquots of iron (III) chloride solution (20 mM), 2,4,6-tri(2- 
pyridyl)-S-triazine (TPTZ; 10 mM in 40 mM HCl) and acetate 
buffer (pH 3.6; 300 mM) mixed in proportions of 1:1:10 (v/v), re- 
spectively to produce the FRAP reagent. Thence, 100 uL of filtered 
PPHE were added to 3.0 ml of the 37 °C warmed up FRAP reagent. 
The Absorbance (593 nm) was recorded after 5 min. Similarly, the 
standard curve was prepared using iron (II) sulfate solution and 
butylated hydroxytoluene (BHT) used as a positive control. The 
antioxidant capacity was expressed as mmol of Fe (II) per g extract 
(44). 


The 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
antioxidant assay of PPHE 


This assay is based on the ability of antioxidants to decolorize 
DPPH, a stable free radical. Briefly, the PPHE was diluted in meth- 
anol, and 50 ul of each dilution was mixed with 2.5 mL of a fresh 
DPPH radical methanol solution (0.004%; w/v). The purple mix- 
ture allowed to stand for 30 min in the dark at room temperature. 
The Absorbance (517 nm) were recorded on a spectrophotometer 
(Shimatzo, Japan, UV-1201) using methanol as a blank. The radi- 
cal inhibitory activity of PPHE was calculated as follows: 

% inhibition = [(A blank - A sample)/A blank] x 100 

Where; “A blank” is the absorbance of the control and “A 
sample” is an absorbance produced by the extract. Extract concen- 
tration providing 50% inhibition (IC50) was calculated from the 
radical inhibition vs PPHE concentration graph. BHT was used as 
a positive control (45). 


Isolation and identification of S. aureus from 
milk 
During the summer season, cow milk samples were collected 


aseptically from local farms and transferred on ice to the labora- 
tory. Samples were serially diluted in sterilized normal-peptone 
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(0.85% and 0.1%) and 100 uL of each diluted sample were sur- 
face plated onto Baird-Parker agar (M043, HiMedia, India) sup- 
plemented with egg yolk and potassium tellurite and incubated 
aerobically for 48h at 37 °C. The black colonies surrounded by 
an opaque and also clear haloes were considered as staphylococ- 
ci (Figure 4). The milk isolates were assessed by Gram-staining, 
catalase, and coagulase tests until finding the intended bacteria. 
The gram-positive cocci with positive coagulase and catalase 
results were further identified as S. aureus by API Staph system 
(BioMe ‘rieux, 20500, France) (46). 


The anti-staphylococcal activity of PPHE 


The antibacterial activities of PPHE against S. aureus (ATCC 
29737), Methicillin-resistant S. aureus (MRSA) (ATCC 33591) 
and the milk-isolated S. aureus were assessed by agar-well diffu- 
sion method. The MIC of PPHE against the planktonic bacteria 
was assessed via a micro-broth dilution technique. The MBC of 
PPHE was further assessed. Finally, the ability of PPHE in the pre- 
vention of staphylococcal biofilm formation was measured by a 
microtiter plate test. 


Agar well diffusion assay 


The anti-staphylococcal activity of the Rabab PPHE was 
determined by the agar well diffusion method with some modi- 
fications (47, 48). The aforementioned S. aureus bacteria were in- 
oculated on the cation-adjusted Mueller-Hinton II broth (90922, 
Fluka) at 37 °C for 18h. The bacterial suspension density was 
adjusted equal to that of the 0.5 McFarland standard. The den- 
sity standardized bacterial culture was swabbed on the solidified 
Mueller-Hinton agar (70191, Merck) and allowed to dry for 10 
min. Thence, 6 mm-diameter wells were made with a sterilized 
cork-borer in the inoculated Mueller-Hinton agar plates. The low- 
er part of wells was first sealed with a few drops of molten agar 
medium (49). 100 uL of the PPHE (6, 12, and 24mg per well) were 
added into the wells and allowed to diffuse at room temperature 
for 15 min. Negative (sterilized distilled water) and positive con- 
trols (Gentamicin sulfate salt, G1264 sigma; 10 ug well’) were also 
placed in wells. The plates incubated at 37° C for 16-18h. The an- 
ti-staphylococcal activity of the extract revealed by the formation 
of bacterial inhibition zones around the wells and the diameter of 
the halos were measured by a caliper. 


Determination of MIC and MBC of PPHE 


The MIC of PPHE against the planktonic bacteria was as- 
sessed using a 96-well sterile microtiter plate as described be- 
fore via a micro-broth dilution technique (50). Briefly, the MICs 
were evaluated after providing 2-fold dilutions of the extract (60 
to 0.47mg mL”) with cation-adjusted Mueller-Hinton II broth. 
The overnight bacterial suspensions were diluted and added into 
the wells to provide the final inoculum of 5x10° CFU mL". After 
incubation (37 °C, 24h), optical densities (OD620) of the extract 
exposed bacteria were studied relative to the negative control. The 
bacterial growth inhibition was calculated as follows: 

% inhibition = 100 - [(OD620E - OD620B) / (OD620G - 
OD620B)] x 100 

Where; “OD620E”, “OD620B”, and “OD620G” are the optical 
densities at 620 nm for extract containing wells, background con- 
trol wells, and growth control wells, respectively. The MIC was the 
lowest concentration of PPHE that completely (100%) inhibited 
bacterial growth. After the MICs were read and recorded, the 96- 
well MIC plates were shaken and re-incubated for an extra 4h at 
37°C. Subsequently, the bacteria of wells with no visible bacterial 
growth were enumerated using Trypticase soy agar (22091, Mer- 
ck) at 37 °C/24h. The minimum bactericidal concentration was 
defined as the lowest concentration of PPHE that causes 299.9% 


staphylococcal kill relative to the first inoculum. Cefixime trihy- 
drate (18588, Fluka) was used as a positive control. 


The anti-biofilm forming activity of PPHE 

To evaluate the effect of PPHE against staphylococcal biofilm 
formation, a microtiter plate adhesion assay was applied (51). In 
a 96-well plate, the PPHE was serially diluted with cation-adjust- 
ed Mueller-Hinton II broth from 60 to 0.47 mg mL" in a 2-fold 
manner. Thence, 100 uL of diluted overnight staphylococcal sus- 
pension (1:100) was added to each well. The microtiter plate was 
incubated at 37 °C for 24h to let the bacteria form different levels 
of biofilm. After incubation, 200 uL of crystal violet (0.06%, w/v) 
was added to each well and the plate was shaken three times to 
help the biofilms stain. After 15 minutes at 25 °C, each well was 
washed at least three times with sterile normal saline (200 uL) to 
remove planktonic cells and the unfixed stain. The biofilm-bound 
crystal violet was further extracted with 200 uL of ethyl alcohol 
(95%) and transferred to a 96-well plate. The absorbance (595 nm) 
was recorded by a microplate reader to determine the level of bio- 
film formation. Culture medium and also different concentrations 
of the extract without the bacteria were used as the control. The 
inhibitory activity of PPHE on the staphylococcal biofilm forma- 
tion was evaluated by comparing the ODs of the treatments with 
negative controls. 


Statistical analysis 


Anti-staphylococcal inhibition zones and anti-biofilm form- 
ing activities were represented as mean + SEM of the results in 
quadruplicates. Data analysis was carried out using SPSS software 
(SPSS, Chicago, Ill., USA). One-Way ANOVA followed by Dun- 
can's post hoc test (alpha = 0.05) was used to analyze the differenc- 
es of inhibition zones between staphylococci and also the levels 
of PPHE. 


Acknowledgments 

This work was financially supported by a grant 
(p-900-106) from the Research and Technology Insti- 
tute of Plant Production (RTIPP) of Shahid Bahonar 
University of Kerman, Kerman, Iran. 


Author Contributions 


H.E. conceived, designed, and analyzed the data. 
H.E. and M.E. performed the experiments and wrote 
the paper. L.M. provided some of the materials. 


Conflict of Interest 


The authors declare that there is no conflict of in- 
terest.s. 


References 

1. Razavilar V. Pathogenic Microorganisms in Foods and epi- 
demiology of Food Poisoning. 2nd ed. Tehran, Iran: Tehran 
University Press; 2002. 


2. Honda H, Doern CD, Michael-Dunne W, Warren DK. The 
impact of vancomycin susceptibility on treatment outcomes 
among patients with methicillin resistant Staphylococcus au- 
reus bacteremia. BMC Infect Dis. 2011;11(1):335. 


3. Devriese L, Van Damme L, Fameree L. Methicillin (cloxa- 


RESEARCH ARTICLE 


cillin)-resistant Staphylococcus aureus strains isolated from 
bovine mastitis cases. Zbl Vet Med B. 1972;19(7):598-605. 


4. Chanda S, Vyas B, Vaghasiya Y, Patel H. Global resistance 
trends and the potential impact of Methicillin Resistant 
Staphylococcus aureus (MRSA) and its solutions. In: Mén- 
dez-Vilas A, editor. Current research, technology and educa- 
tion topics in applied microbiology and microbial biotech- 
nology, 2nd Series Spain: Formatex Research Center; 2010. p. 
444-50. 


5. Ji Y. editor. Methicillin-resistant Staphylococcus aureus 
(MRSA) protocols: New Jersey, USA: Humana Press; 2007. 


6. Pereira V, Lopes C, Castro A, Silva J, Gibbs P, Teixeira P. 
Characterization for enterotoxin production, virulence fac- 
tors, and antibiotic susceptibility of Staphylococcus aureus 
isolates from various foods in Portugal. Food Microbiol. 
2009;26(3):278-82. 


7. Götz F. Staphylococcus and biofilms. Mol Microbiol. 
2002;43(6):1367-78. 


8. Scherr TD, Heim CE, Morrison JM, Kielian T. Hiding in plain 
sight: interplay between staphylococcal biofilms and host im- 
munity. Front Immunol. 2014;5:37. 


9. Savage VJ, Chopra I, O’Neill AJ. Staphylococcus aureus bio- 
films promote horizontal transfer of antibiotic resistance. An- 
timicrob Agents Ch. 2013;57(4):1968-70. 


10. Arciola CR, Campoccia D, Speziale P, Montanaro L, Costerton 
JW. Biofilm formation in Staphylococcus implant infections. 
A review of molecular mechanisms and implications for bio- 
film-resistant materials. Biomaterials. 2012;33(26):5967-82. 


11. Gutiérrez D, Delgado S, Vazquez-Sanchez D, Martinez B, 
Cabo ML, Rodriguez A, et al. Incidence of Staphylococ- 
cus aureus and analysis of associated bacterial communi- 
ties on food industry surfaces. Appl Environ Microbiol. 
2012;78(24):8547-54. 


12. Longtin R. The pomegranate: natures power fruit? J Natl 
Cancer Inst. 2003;95(5):346-8. 


13. Mirjalili SA. Flora of Iran-Punicaceae. Research Project Re- 
port of Research Institute of Forest and Rangelands. Agri- 
cultural Scientific Information and Documentation. Tehran, 
Tran; 2008. 


14. Mirjalili SA. Pomegranate: biodiversity and genetic resourc- 
es, a review. Rostaniha. 2016;17(1):1-18. 


15. Karimi HR, Hasanpour Z. Effects of salinity and water stress 
on growth and macro nutrients concentration of pomegran- 
ate (Punica granatum L.). J Plant Nutr. 2014;37(12):1937-51. 


16. Sedaghatkish Z, Moallemi N, Rahemi M, Khaleghi E, Morta- 
zavi SMH. Effects of foliar application of urea and zinc sulfate 
on some physical and bio-chemical characteristics of pome- 
granate fruit. Punica granatum L. cv. Rabab-e-Neyriz. J Plant 
Prod. 2011;34(2):67-80. 


17. Varasteh F, Arzani K, Zamani Z, Mohseni A, editors. Evalua- 
tion of the most important fruit characteristics of some com- 
mercial pomegranate (Punica granatum L.) cultivars grown 
in Iran. Acta Hortic 818. 2006;103-108. 


18. Braga L, Shupp J, Cummings C, Jett M, Takahashi J, Carmo 
L, et al. Pomegranate extract inhibits Staphylococcus aureus 
growth and subsequent enterotoxin production. J Ethnophar- 
macol. 2005;96(1-2):335-9. 


19. Ebrahimnejad H, Burkholz T, Jacob C. Flavanols and proan- 
thocyanidins. In: Jacob C, Kirsch G, Slusarenko AJ, Winyard 
PG, Burkholz T, editors. Recent advances in redox active 


IJVST | 2020-1 (22) | DOI:10.22067/veterinary.v12i1.82364 


RESEARCH ARTICLE 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


plant and microbial products, 1st ed. 
Dordrecht, Netherlands: Springer; 
2014. p. 211-32. 


Reddy MK, Gupta SK, Jacob MR, 
Khan SI, Ferreira D. Antioxidant, an- 
timalarial and antimicrobial activities 
of tannin-rich fractions, ellagitannins 
and phenolic acids from Punica grana- 
tum L. Planta med. 2007;53(05):461-7. 


Nozohour Y, Golmohammadi R, 
Mirnejad R, Fartashvand M. Antibac- 
terial activity of pomegranate (Punica 
granatum L.) seed and peel alcoholic 
extracts on Staphylococcus aureus 
and Pseudomonas aeruginosa isolated 
from health centers. Appl Biotechnol 
Rep.. 2018;5(1):32-6. 


Sadeghian A, Ghorbani A, Moha- 
madi-Nejad A, Rakhshandeh H. An- 
timicrobial activity of aqueous and 
methanolic extracts of pomegranate 
fruit skin. Avicenna J Phytomedicine. 
2011;1(2):67-73. 


Al-Zahrani S. The antimicrobial activ- 
ity of pomegranate fruit peel extracts 
against the pathogenic bacteria Staph- 
ylococcus aureus. Egypt J Exp Biol 
(Bot). 2011;7(2):211-7. 


Lekha PK, Lonsane BK. Production 
and application of tannin acyl hydro- 
lase: state of the art. Adv Appl Micro- 
biol. 1997 Jan; 44:215-60. 


Akhtar S, Ismail T, Fraternale D, Ses- 
tili P. Pomegranate peel and peel ex- 
tracts: Chemistry and food features. 
Food Chem. 2015;174:417-25. 


Fawole OA, Makunga NP, Opara 
UL. Antibacterial, antioxidant and 
tyrosinase-inhibition activities of 
pomegranate fruit peel methanolic 
extract. BMC Complem Altern M. 
2012;12(1):200. 


Usha T, Goyal AK, Lubna S, Prashanth 
H, Mohan TM, Pande V, et al. Iden- 
tification of anti-cancer targets of 
eco-friendly waste Punica granatum 
peel by dual reverse virtual screening 
and binding analysis. Asian Pac J Can- 
cer Prev. 2014;15(23):10345-50. 


Souleman AM, Ibrahim GE. Evalua- 
tion of Egyptian pomegranate culti- 
vars for antioxidant activity, phenolic 
and flavonoid contents. Egypt Pharm 
J. 2016;15(3):143. 


Saxena R, Sharma R, Nandy B. Chro- 
matographic determination of pheno- 
lic profile from Punica granatum fruit 
peels. Int Res J Pharm. 2017;8:61-5. 


Al-Rawahi AS, Edwards G, Al-Sibani 
M, Al-Thani G, Al-Harrasi AS, Rah- 
man MS. Phenolic constituents of 
pomegranate peels (Punica granatum 


31. 


32; 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


L.) cultivated in Oman. Eur J Med 
Plant. 2014:315-31. 


Braga L, Leite AA, Xavier KG, Taka- 
hashi J, Bemquerer M, Chartone-Sou- 
za E, et al. Synergic interaction be- 
tween pomegranate extract and 
antibiotics against Staphylococcus au- 
reus. Can J Microbiol. 2005;51(7):541- 
7. 


Bakkiyaraj D, Nandhini JR, Malathy 
B, Pandian SK. The anti-biofilm po- 
tential of pomegranate (Punica grana- 
tum L.) extract against human bacte- 
rial and fungal pathogens. Biofouling. 
2013;29(8):929-37. 


Plumb G, de Pascual-Teresa S, San- 
tos-Buelga C, Rivas-Gonzalo JC, Wil- 
liamson G. Antioxidant properties of 
gallocatechin and prodelphinidins 
from pomegranate peel. Redox Rep. 
2002;7(1):41-6. 


Pagliarulo C, De Vito V, Picariello G, 
Colicchio R, Pastore G, Salvatore P, et 
al. Inhibitory effect of pomegranate 
(Punica granatum L.) polyphenol ex- 
tracts on the bacterial growth and sur- 
vival of clinical isolates of pathogenic 
Staphylococcus aureus and Escherich- 
ia coli. Food Chem. 2016;190:824-31. 


Al-Zoreky N. Antimicrobial activity 
of pomegranate (Punica granatum 
L.) fruit peels. Int J Food Microbiol. 
2009;134(3):244-8. 


Jordão AM, Correia AC, DelCampo 
R, SanJosé MLG. Antioxidant capac- 
ity, scavenger activity, and ellagitan- 
nins content from commercial oak 
pieces used in winemaking. Eur Food 
Res Technol. 2012;235(5):817-25. 


Albrecht N, Jatzwauk L, Slickers P, 
Ehricht R, Monecke S. Clonal replace- 
ment of epidemic methicillin-resis- 
tant Staphylococcus aureus strains 
in a German university hospital over 
a period of eleven years. PLoS One. 
2011;6(11):e28189. 


Zahin M, Hasan S, Aqil F, Khan MSA, 
Husain FM, Ahmad I. Screening of 
certain medicinal plants from India 
for their anti-quorum sensing activity. 
Indian J Exp Biol. 2010;48(12):1219- 
24. 


Assar NH, Shahate A. A Study on Bio- 
films Inhibition and Preservative Ac- 
tivity of Pomegranate Peel Methanol 
Extract (PPME). J Adv Pharm Res. 
2017;1(2):110-20. 


Menezes SM, Cordeiro LN, Viana GS. 
Punica granatum (pomegranate) ex- 
tract is active against dental plaque. J 
Herb Pharmacother. 2006;6(2):79-92. 


Hajimahmoodi M, Oveisi M, Sadeghi 


IJVST |2020-1 (22) | DOI:10.22067/veterinary.v12i1.82364 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


ok 


N, Jannat B, Hadjibabaie M, Farahani 
E, et al. Antioxidant properties of peel 
and pulp hydro extract in ten Persian 
pomegranate cultivars. Pak J Biol Sci. 
2008;11(12):1600-4. 


Velioglu Y, Mazza G, Gao L, Oomah 
B. Antioxidant activity and total phe- 
nolics in selected fruits, vegetables, 
and grain products. J Agr Food Chem. 
1998:46(10):4113-7. 


Mansour E, Ben Khaled A, Lachiheb 
B, Abid M, Bachar K, Ferchichi A. 
Phenolic compounds, antioxidant, 
and antibacterial activities of peel ex- 
tract from Tunisian pomegranate. J 
Agr Sci Tech. 2013;15:1393-403. 


Borneo R, Leon A, Aguirre A, Ribotta 
P, Cantero J. Antioxidant capacity of 
medicinal plants from the Province 
of Córdoba (Argentina) and their in 
vitro testing in a model food system. 
Food Chem. 2009;112(3):664-70. 


Bektas E, Serdar G, Sokmen M, Sok- 
men A. Biological activities of extracts 
and essential oil of Thymus transcau- 
casicus ronniger. J Essent Oil Bear Pl. 
2016;19(2):444-53. 


Silva WPd, Destro MT, Landgraf M, 
Franco BD. Biochemical character- 
istics of typical and atypical Staph- 
ylococcus aureus in mastitic milk 
and environmental samples of Bra- 
zilian dairy farms. Braz J Microbiol. 
2000;31(2):103-6. 


Okeke MI, Iroegbu CU, Eze E, Okoli 
A, Esimone C. Evaluation of extracts 
of the root of Landolphia owerrience 
for antibacterial activity. J Ethnophar- 
macol. 2001;78(2-3):119-27. 


Holder IA, Boyce ST. Assessment of 
the potential for microbial resistance 
to topical use of multiple antimicro- 
bial agents. Wound Repair Regen. 
1999:7(4):238-43. 


Nkere C, Iroegbu C. Antibacterial 
screening of the root, seed and stem- 
bark extracts of Picralima nitida. Afr J 
Biotechnol. 2005;4(6):522-6. 


Motyl M, Dorso K, Barrett J, Giacob- 
be R. Basic microbiological tech- 
niques used in antibacterial drug 
discovery. Curr Protoc Pharmacol. 
2005;31(1):13A. 3.1-A. 3.22. 


Kubota H, Senda S, Nomura N, Toku- 
da H, Uchiyama H. Biofilm formation 
by lactic acid bacteria and resistance 
to environmental stress. J Biosci Bio- 
eng. 2008;106(4):381-6. 


